In mares, the shortage of oocytes and the variability in nuclear maturation at a certain time of the oestrous cycle hinders the optimization of methods for in vitro maturation and in vitro fertilization. Increasing the number of small-to-medium-sized follicles available for aspiration in vivo may increase the overall oocyte yield. The aims of the present study were to investigate whether administration of crude equine gonadotrophins affects follicular development, oocyte recovery rate, in vivo oocyte maturation and follicular concentrations of meiosis-activating sterols. During oestrus, all follicles у 4 mm were aspirated from 19 pony mares (first aspiration: A1). Over the next 8 days, the mares were treated daily with either 25 mg crude equine gonadotrophins (n = 10) or physiological saline (n = 9). Between day 1 and day 8, follicular growth was monitored by ultrasonography. On day 8, all follicles у 4 mm were evacuated (second aspiration: A2) and nuclear maturation of the recovered oocytes was assessed after orcein staining. Follicular growth between A1 and A2, as well as the number and size of follicles at A2 were similar for control mares and mares treated with crude equine gonadotrophins. The oocyte recovery rates at A1 and A2 were similar. At A2, the oocyte recovery rate and oocyte maturation in vivo were not affected by treatment with crude equine gonadotrophins. The number of expanded cumulus oophorus complexes recovered from follicles р 29 mm was significantly higher at A1 than at A2. The number of oocytes at the germinal vesicle stage was significantly higher at A2 (41.5%) than at A1 (17.8%). Meiosis-activating sterols (FF-MAS and T-MAS) were identified in follicular fluid recovered at A2. Follicular concentrations of FF-MAS and T-MAS were unaffected by treatment with crude equine gonadotrophins. The present study demonstrates that follicular aspiration during oestrus allowed a new follicular population to develop and resulted in a higher degree of synchronization of oocyte development with respect to cumulus expansion and nuclear maturation. The availability of a more homogeneous population of oocytes might facilitate a better optimization of in vitro maturation and in vitro fertilization techniques in mares. Administration of crude equine gonadotrophins during early dioestrus did not affect the growth of small follicles, the oocyte yield after aspiration or oocyte maturation in vivo.
transvaginal ultrasound-guided follicular aspiration. The overall oocyte recovery rates per follicle after aspiration in vivo range from 19 to 47% (Bracher et al., 1993; Cook et al., 1993; Duchamp et al., 1995; Kanitz et al., 1995; Meintjes et al., 1995 , Brück et al., 1997 with a range of 55-79% for preovulatory follicles after gonadotrophin treatment (Cook et al., 1993; Bézard et al., 1995 Bézard et al., , 1997 Goudet et al., 1997a,b) . Recent studies show that an average of 1.2-3.2 oocytes can be collected during each aspiration attempt, with variations due to stage of the cycle and aspiration interval (Meintjes et al., 1995; Bézard et al., 1997; Brück et al., 1997) . Therefore, an increase in the number of follicles available for aspiration in vivo could result in an increase of the total oocyte yield per mare.
The oocyte recovery rate after aspiration in vivo is highest from preovulatory follicles, but is otherwise inversely related to diameter (Kanitz et al., 1995; Meintjes et al., 1995; Bézard et al., 1997) . There is considerable evidence that the oocyte recovery rate is significantly higher from follicles with a diameter < 20 mm than from follicles with a diameter of 20-30 mm (Kanitz et al., 1995; Bézard et al., 1997) . Compared with that of cattle, the equine cumulus oophorus complex (COC) has a closer integrity and a broader base towards the follicular wall (Del Campo et al., 1995a; Hawley et al., 1995; Brück et al., 1999a) and flushing of the follicular cavity seems to be essential to loosen the COC. However, for this procedure, a follicular diameter у 5 mm is required. Thus, increasing the number of small-to-medium-sized (5-20 mm) follicles could augment the in vivo recovery rate of equine oocytes.
In mares, the highest FSH concentration during the oestrous cycle coincides with the emergence of the follicles of the primary wave and, hence, is associated with an increased development of small-and medium-sized follicles (Ginther and Bergfelt, 1993; Gastal et al., 1997) . Administration of equine pituitary extract (EPE) has been demonstrated to increase the number of follicles у 25 mm and the ovulation rate in mares (Lapin and Ginther, 1977; Woods and Ginther, 1985; Squires et al., 1986; Hofferer et al., 1991 , Dippert et al., 1992 Palmer et al., 1993; Bézard et al., 1995) . In previous attempts to stimulate follicular growth or to increase the ovulation rate in mares, repeated administration of EPE or FSH was commenced during mid-or late dioestrus, or at the beginning of oestrus (Lapin and Ginther, 1977; Irvine, 1981; Squires et al., 1986; Hofferer et al., 1991 Hofferer et al., , 1993 Palmer et al., 1993; Brück and Greve, 1996; Remy et al., 1997) . Meanwhile, Pierson and Ginther (1990) provided evidence that EPE has a superstimulatory effect on follicular growth when treatment occurs after temporary suppression of follicular development and before the selection of the preovulatory follicle, which occurs when the largest follicle reaches a diameter of 25-30 mm (Pierson and Ginther, 1990) . Furthermore, treatment with EPE resulted in a greater number of follicles у 25 mm when initiated on day 5 rather than on day 12 after ovulation (Dippert et al., 1992) . Depending on the time of selection of a dominant follicle, the presence of a medium-tolarge-sized follicle might actually inhibit exogenous stimulation of smaller follicles. Bergfelt and Ginther (1985) showed that the non-steroidal fraction of equine follicular fluid suppresses circulating FSH concentrations. Furthermore, during oestrus, FSH and oestradiol are reciprocal and oestradiol may have a negative effect on FSH (Ginther, 1990a) . Thus, administration of gonadotrophins early during dioestrus, in the absence of a dominant follicle, may stimulate the growth of small follicles.
As follicular development in mares occurs in waves (Palmer, 1987; Sirois et al., 1989; Ginther, 1990b) , there are always some follicles under atresia and, consequently, the cumulus morphology and the nuclear maturational stages of a pool of follicular oocytes at a certain time varies considerably. It has been reported that approximately 30% of all recovered COCs are surrounded by several layers of compact cumulus cells, and that > 65% of COCs recovered from follicles у 20 mm in diameter are surrounded by few layers of cumulus cells or corona radiata only (Hinrichs, 1991 , Kanitz et al., 1995 . In mares after slaughter, the proportion at the germinal vesicle stage ranges from 5.3 to 80% (Fulka and Okolski, 1981; Desjardins et al., 1985; Okolski et al., 1991; Willis et al., 1991a Willis et al., ,b, 1994 Alm and Torner, 1994; Del Campo et al., 1995b; Torner and Alm, 1995; Brück et al., 1996) and the proportion of oocytes at metaphase II stage ranges from 0 to 21% (Fulka and Okolski, 1981; Desjardins et al., 1985; Okolski et al., 1991; Willis et al., 1991b Willis et al., , 1994 Alm and Torner, 1994; Del Campo et al., 1995b; Torner and Alm, 1995; Brück et al., 1996) . These studies demonstrate the large variation in the stages of nuclear maturation of oocytes recovered from mares at different stages of the cycle, and clearly, a certain proportion of these oocytes is not capable of undergoing normal fertilization and development. This variability in nuclear maturation at a given time of oocyte recovery hinders the optimization of methods for IVM and impedes progress in the development of the IVF techniques. Initial follicular removal followed by stimulation of the growth of follicles р 20 mm might be one way to synchronize follicular oocyte maturation and improve the overall oocyte yield from aspiration in vivo.
Two meiosis-activating sterols isolated from the preovulatory follicular fluid of women (FF-MAS) and the testes of bulls (T-MAS) are able to induce resumption of meiosis in cultured cumulus-enclosed and cumulus-free hypoxanthinearrested mouse oocytes (Byskov et al., 1995) . FF-MAS has also been identified in the preovulatory follicular fluid of mares (Baltsen et al., 1997) . Furthermore, FF-MAS is produced in cultured mouse cumulus cells in the presence of FSH (Byskov et al., 1997) . Therefore, gonadotrophin administration might be reflected in an increase in the follicular concentration of FF-MAS.
In the present study, it was assumed that aspiration of all follicles у 4 mm in diameter effectively removed atretic follicles and allowed a population of healthy follicles to develop. This study examined the hypotheses that the administration of crude equine gonadotrophins (CEG) over several days during early dioestrus stimulates follicular growth, increases the oocyte yield from follicular aspiration in vivo and initiates resumption of meiosis of the follicular oocytes. Specifically, the study tested whether administration of CEG during early dioestrus after initial follicular removal affected (1) follicular development, (2) oocyte recovery rate, (3) in vivo oocyte maturation and (4) follicular concentrations of MAS in mares.
Materials and Methods

Experimental animals
Nineteen Welsh pony mares (3-16 years of age, 250-350 kg body weight) were kept in open stalls in groups of five and fed with concentrate and straw ad libitum. At the beginning of September, the oestrous cycles were synchronized by the intravaginal insertion of a sponge containing 0.5 g altrenogest (Regumate ® , Roussel UCLAF, Romainville) and 50 mg oestradiol benzoate (B-oestradiol 3-benzoate; Sigma, La Verpillère) for 7 days (Goudet et al., 1999) . On the day of sponge removal, the mares received 150 µg cloprostenol (Estrumate ® , Pitman-Moore, Meaux) intramuscularly to induce luteolysis. When the largest follicle measured 33 mm in diameter, each mare was treated once intravenously with 25 mg CEG in 5 ml physiological saline (Duchamp et al., 1987) .
Follicular aspiration
During oestrus and 22-30 h after CEG administration, all follicles у 4 mm in diameter were evacuated by transvaginal ultrasound-guided follicular aspiration (first aspiration: A1) as described by Duchamp et al. (1995) . The mares were placed in a stock and sedated intravenously with 3 mg detomidine hydrochloride (Domosedan; Smithkline and French, Courbevoie) and 10 mg atropine sulphate (Lavoisier, Paris). The ultrasound scanner (Kretz; Soframed, Truchtersheim) was equipped with a 7.5 MHz sector transducer. Follicles > 25 mm in diameter were evacuated with a single-lumen needle (600 mm length, 1.8 mm outer diameter; Thiebaud Freres, Jouvernex Margencel) and flushed five times with PBS (Dulbecco «a»; Oxoid, Dardilly) containing 50 iu heparin ml -1 (Leo SA, St-Quentin en Yvelines) at 37°C. Follicles р 25 mm were aspirated with a double lumen needle (700 mm length, 2.3 mm outer diameter; Casmed, Cheam, Surrey) and flushed five times with PBS. PBS was injected continuously under constant pressure (500 mm Hg) into the follicular cavity while aspiration (200-300 mm Hg) was interrupted five times to allow the follicular cavity to refill. After aspiration, each mare was treated intramuscularly with 1 600 000 iu penicillin per 100 kg body weight and 1.3 g dihydrostreptomycin per 100 kg body weight (Mixtenicilline, Rhône Mérieux, Lyon). The day of first aspiration (A1) was characterized as day 0. On day 8 (early dioestrus), all follicles у 4 mm in diameter were aspirated with a double lumen needle and flushed as described above (second aspiration: A2).
Crude equine gonadotrophin treatment
The ponies were randomized in two groups: a CEG group (n = 10) and a control group (n = 9). From day 0 to day 7, mares in the CEG group received 25 mg CEG in 5 ml physiological saline intramuscularly each day, while control mares were injected intramuscularly with 5 ml physiological saline each day. CEG is extracted from equine pituitary glands, and is another term for EPE. CEG was purified according to the method of Guillou and Combarnous (1983) and controlled for its effect of inducing ovulation (Duchamp et al., 1987) and its effect of stimulating superovulation (Hofferer et al., 1991) . The batch used for the present experiment contained 0.5 mg eFSH (2%) and 1.5 mg eLH (6%).
Follicular monitoring
Between day 1 and day 8, the number and diameter of follicles (у 5 mm) was monitored daily in all mares using a real-time transrectal ultrasound scanner (Aloka SSD 500, Aloka Co Ltd, Tokyo) equipped with a 5 MHz linear transducer (Aloka, UST 588U-5). For each day, follicles from both ovaries were pooled.
Assessment of oocyte maturation
All follicular fluid samples were searched individually for the presence of COCs. Upon recovery, the cumulus aspect of each COC was classified under light microscopy as follows: CC: oocyte partly or entirely enclosed by several layers of compact cumulus cells; CR: oocyte enclosed by corona radiata cells only; EX: oocyte entirely enclosed by an expanded cumulus investment; DE: oocyte denuded. Immediately after classification, the COCs were placed in 500 µl PBS supplemented with 525 iu hyaluronidase ml -1 (type III, 875 iu mg -1 ; Sigma, La Verpillère) at 37°C for 2 min. Thereafter, the COCs were completely denuded with small glass pipettes. All oocytes were fixed in acetic acid:methanol (1:3) for approximately 2 days, and stained with 1% (w/v) orcein. The chromatin configuration was characterized by one of the following nuclear maturation stages: germinal vesicle (GV): finely granulated nucleoplasm with filamentous chromatin configurations or one or several condensed spots of chromatin, a distinct difference in density between cytoplasm and the spherical nucleoplasm; germinal vesicle breakdown (GVBD): condensed filamentous chromatin within finely granulated nucleoplasm, the border between nucleoplasm and cytoplasm being less pronounced; dense chromatin (dCh): one spot of spherical dense chromatin occasionally with an irregular shape; metaphase I (MI): condensed chromosomes orientated in a metaphase plate; metaphase II (MII): two sets of condensed chromosomes, of which one set is orientated in a metaphase plate, while the second set (polar body) can be more or less randomly orientated in a cluster, the membrane surrounding the polar body is often observed; degenerated: dark, roughly granulated cytoplasm sometimes with vacuoles, no or small spots of dense chromatin.
Analysis of progesterone and meiosis-activating sterols in follicular fluid
At A2, the follicular fluid samples from follicles > 15 mm were centrifuged at 2000 g for 10 min to remove cell debris and the supernatants were stored at -20°C for subsequent analysis. Progesterone, FF-MAS and T-MAS in follicular fluid were determined quantitatively by HPLC and photodiode array detection, as described by Baltsen and Byskov (1999) . The validity of the measurements were confirmed qualitatively by examining the UV spectrum between 200 and 300 nm at the apex of chromatographical peaks and comparing these to standards. Progesterone, FF-MAS and T-MAS in sample runs could be identified amongst peaks eluting before and after the time for elution of standards. Moreover, analytes in equine follicular fluid displayed the same elution time as those in human follicular fluid. The purity of T-MAS was determined by an additional reversed phase step with subsequent mass spectrometry as > 95%. The interassay coefficient of variation (CV) for standard injections was < 10%. The intraassay CVs for progesterone, FF-MAS and T-MAS were, on average, 14.0 (1.3-30.0), 7.2 (0.4-19.4) and 13.4% (3.4-24.3), respectively.
Statistical analysis
For statistical analysis of their development, the follicles were grouped according to their diameter: р 10 mm, 11-15 mm, 16-20 mm, 21-25 mm, > 25 mm. All results are presented as mean Ϯ SEM. Differences in the number of follicles, the number of recovered oocytes, oocyte recovery rate, cumulus expansion and nuclear maturation were analysed using an independence in two-dimensional contingency tables, applying a Yates corrected chi-squared model. Student's t test was used to compare the period for follicular development (mean number of days after A1), the mean number of follicles on a certain day after A1, follicular size and the sum of follicular diameters on day 8, progesterone, FF-MAS and T-MAS concentrations. In all analyses, the probability P < 0.05 was considered to express statistical significance.
Results
Follicular development and oocyte recovery rate
Four mares ovulated between the initial CEG treatment and A1. There was no effect of ovulation before A1 on the follicular development during the next 8 days and, therefore, data from these mares were included in the statistical analysis. There was no significant difference between control and CEG-treated mares in the mean number of days between A1 and the first day one of the follicles reached a diameter of 10, 15, 20 or 25 mm (Table 1) .
There was no significant difference between control and CEG-treated mares in the number of follicles within the follicular size groups on any of the 8 days. On day 8, the mean follicular size was 10.2 Ϯ 0.6 mm and 10.9 Ϯ 0.9 mm for the control and the CEG groups, respectively. The largest follicle on day 8 measured 18.3 Ϯ 0.5 and 18.9 Ϯ 0.7 mm for the control and the CEG-treated groups, respectively. The mean sum of all follicular diameters у 5 mm was 106.4 Ϯ 17.9 and 115.8 Ϯ 20.7 for the control and the CEGtreated groups, respectively. On day 8, there was no significant difference in the mean follicular number, mean follicular size and the size of the largest follicle between control and CEG-treated mares.
The number of aspirated follicles, the number of recovered oocytes and oocyte recovery rates for A1 and A2 are presented ( Table 2) .
Assessment of oocyte maturation
The cumulus expansion was determined in 172 of 174 COCs. The cumulus expansion of COCs at A1, A2 (control group) and A2 (CEG group) is presented (Fig. 1) . At A1, 12 of 13 COCs recovered from follicles > 29 mm were expanded and one COC was compact (Fig. 1a) . From follicles р 29 mm, more COCs were expanded at A1 (17 of 80, Fig. 1a ) than at A2 (control group, 1 of 40; CEG-treated group, 1 of 39; P < 0.05; Fig. 1b,c) ; the number of COCs with compact cumulus was similar at A1 (51 of 80 ) and A2 (control group, 28 of 40; CEGtreated group, 31 of 39). At A2 (control group), one oocyte was denuded.
The stage of nuclear maturation was determined in 73 of 94 oocytes at A1, in 34 of 40 oocytes at A2 in the control group, and 31 of 40 oocytes at A2 in the CEG-treated group. At A1 (Table 3) , 81.9% of oocytes from follicles > 29 mm and 17.7% of oocytes from follicles р 29 mm were in MI or MII (P < 0.01). There was no significant difference in the number of oocytes at GV and GVBD between follicles > 29 mm and follicles р 29 mm. The distribution of the nuclear maturation stages was similar between the control and CEG-treated groups at A2 (Tables 4 and 5 ). The nuclear maturation between oocytes collected during A1 (Table 3 ) and those collected during A2 (Table 4 and 5) differed. At A1, the number of oocytes at the GV stage was significantly lower than it was at A2 (P < 0.05), while the number of oocytes at the GVBD stage was similar at A1 and A2. The number of oocytes with dense chromatin tended to be higher at A1 compared with at A2 (P < 0.08). Similarly, the number of oocytes in MI and MII was significantly higher at A1 compared with at A2 (P < 0.005). When comparing only follicles р 29 mm, the number in MI and MII was higher at A1 compared with at A2. The number of degenerated oocytes was similar at A1 and A2. At A1, all oocytes in MI or MII from follicles < 29 mm were enclosed by expanded cumulus layers, while the two oocytes in MI and MII at A2 were only surrounded by corona radiata.
Follicular progesterone and meiosis-activating sterol concentrations
Concentrations of progesterone, FF-MAS and T-MAS were measured in 42 follicular samples at A2. In follicles 20-29 mm, the progesterone concentration was significantly higher in CEG-treated mares (11.2 Ϯ 2.0 ng ml ). The mean progesterone concentrations were 10.1 Ϯ 3.1 ng ml -1 in follicles containing oocytes at the GV stage (n = 3), 8.0 Ϯ 1.7 ng ml -1 in follicles containing oocytes at the GVBD stage (n = 9) and 156 ng ml -1 in one follicle with an MII stage oocyte. Both FF-MAS and T-MAS were identified in the follicular fluid of control and CEG-treated mares (Table 6 ). CEG treatment did not affect follicular FF-MAS or T-MAS concentrations. Mean follicular FF-MAS concentrations (68.8-127.5 ng ml -1 ) were higher than mean T-MAS concentrations (26.3-45.3 ng ml -1 ). In the control group, FF-MAS concentration tended to be higher in follicles 20-29 mm than in follicles 15-19 mm (P = 0.06). In the CEG-treated group, T-MAS concentration was significantly lower in follicles 20-29 mm than it was in smaller follicles. The concentrations of FF-MAS and T-MAS were similar in follicular fluid containing oocytes at the GV stage (123.0 Ϯ 33.5 ng ml -1 and 31.9 Ϯ 3.5 ng ml -1 , respectively, n = 3), GVBD stage (120.4 Ϯ 23.4 ng ml -1 and 43.6 Ϯ 9.2 ng ml -1 , respectively, n = 9) and MII stages (79 ng ml -1 and 76 ng ml -1 , respectively n = 1).
Discussion
Administration of 25 mg CEG (containing 2% eFSH and 6% eLH) daily for 8 days to mares in early dioestrus did not affect the number or size of follicles у 5 mm that developed after the initial aspiration. With a similar treatment regimen of CEG (containing 3% eFSH and 6% eLH), Palmer et al., (1993) achieved a significant increase in the number of follicles у 20 mm, and Remy et al., (1997) reported a superovulatory effect using 0.75 mg eFSH for 4 days. The eFSH content of 0.5 mg (2 %) in the CEG preparation used in the present study corresponds to 67% of the concentration used by Palmer et al., (1993) and Remy et al., (1997) . Administration of 0.375 and 0.75 mg eFSH or 8.3 mg and 25 mg CEG (containing 3% eFSH) resulted in similar ovulation rates (Lagneaux et al., 1994) . Thus, it seems likely that the gonadotrophin activity of the preparation used in the present study was sufficient. A reason for the lack of detectable stimulation could be that small follicles are not responsive to gonadotrophin stimulation. EPE (or CEG) administered during dioestrus decreased the number of follicles 10-19 mm, and increased the number of larger follicles (Squires et al., 1986; Palmer et al., 1993) . In addition, administration of 100 mg porcine FSH to dioestrous mares over 4 days after initial follicular removal did not improve follicular growth (Brück and Greve, 1996) . As a consequence of the lack of follicular stimulation, the Days between A1 and follicles у 10 mm 4.6 Ϯ 0.1 (9) 4.9 Ϯ 0.1 (9) 0.2 Days between A1 and follicles у 15 mm 6.3 Ϯ 0.1 (7) 6.6 Ϯ 0. 2 (8) Columns with different superscripts are significantly different (P < 0.05) overall oocyte yield after follicular aspiration was not improved by CEG treatment. Moreover, the oocyte recovery rate was similar for CEG-treated and untreated mares. In many species, gonadotrophins stimulate cumulus expansion, partly by dissociating corona and cumulus cells (Thibault, 1972; Leibfried and First, 1982; Motlik et al., 1986; , Laurinčik et al., 1992a,b) and partly by stimulating the deposition of hyaluronic acid in the matrix between the cumulus cells (Salustri et al., 1989) . In the present study, cumulus expansion was unaffected by CEG treatment, and so CEG did not facilitate detachment of the COC from the follicular wall by inducing mucification. Similarly, Goudet et al. (1997a) reported that a single injection of CEG had no effect on the oocyte recovery rate from follicles р 29 mm, irrespective of the stage of the oestrous cycle. Furthermore, in the present study, CEG treatment did not induce the resumption of meiosis of the follicular oocytes. Palmer (1985) reported that CEG administration caused an increase in mean plasma FSH and LH concentrations. However, FSH and LH can only stimulate follicular growth and initiate oocyte maturation, respectively, if suitable receptors are present in the cumulus and granulosa cells. The FSH receptor content is significantly higher in follicles < 15 mm than it is in larger follicles during late dioestrus, and the LH receptor content in granulosa cells increases with an increase in follicular diameter (Fay and Douglas, 1987; Goudet et al., 1999) . The number of LH receptors is not significantly different between the end of the follicular phase and the luteal phase (Goudet et al., 1999) . The addition of CEG or FSH-LH to the culture medium of equine COCs stimulates cumulus expansion, but not resumption of meiosis (Willis et al., 1991) . Hence, the CEG treatment used in the present study may not have exerted the expected effect on follicular development owing to a lack of an adequate number of LH receptors. However, progesterone concentrations in follicles 20-29 mm in diameter were affected by CEG treatment. Previous studies have shown that administration of hCG to oestrous mares increases the progesterone concentration in preovulatory follicles (Watson and Hinrichs, 1988) . Thus, CEG may exert a luteotrophic effect via luteinization of the follicles, which would require the presence of some LH receptors.
In the present study, at A1, approximately 31% of the COCs had expanded cumulus layers and 27% of all oocytes were at either the MI or MII stage. From abattoir mares of unknown reproductive status, 17-50% of the COCs had an expanded cumulus at the time of oocyte recovery (Bézard and Palmer, 1992; Choi et al., 1993; Hinrichs et al., 1993a) and the proportion of MII stages varies between 0 and 8% (Fulka and Okolski, 1981; Okolski et al., 1991; Willis et al., 1991b Willis et al., , 1994 Alm and Torner, 1994; Del Campo et al., 1995b; Torner and Alm, 1995; Brück et al., 1996) . One study reported an incidence of 16% of oocytes at the MI stage and 21.0% at the MII stage (Desjardin et al., 1985) . The relatively high proportion of MI and MII stages at A1 in the present study may have been due, in part, to the fact that all mares were in oestrus and, in part, to a gonadotrophic effect of the intravenous CEG administration 22-30 h before follicular aspiration on the COCs of follicles > 29 mm. A recent suggestion is that resumption of meiosis in vivo is an intrafollicular two-cell, two gonadotrophin-regulated process, with LH acting primarily on the mural cells terminating the synthesis of a meiosis-arresting signal, while the preovulatory FSH surge triggers cumulus cells to produce MAS (Yding Andersen et al., 1999) . In mares, the preovulatory LH surge extends over several days (Miller et al., 1980; Irvine and Alexander, 1994) , while FSH has just started to increase when ovulation occurs (Miller et al., 1980) .
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I. Brück et al. Thus, in mares, gonadotrophins may play a slightly different role in meiotic resumption than the one proposed by Yding Andersen et al. (1999) . The high incidence of metaphase plates in smaller follicles at A1 (22% of the oocytes recovered from follicles 4-9 mm at A1 were at the MI and MII stage) is more probably due to atresia. Hinrichs (1991) showed that approximately 80% of the follicles with a diameter of 5-9 mm are atretic. Similarly, the high incidence of metaphase plates in the whole population of oocytes present on the ovaries of mares at a certain time of the oestrous cycle can only be explained by the fact that the majority of these follicles are undergoing atresia, and that pseudomaturation of these oocytes has been initiated. A morphological study of subordinate bovine oocytes has demonstrated that, during the course of degeneration, these oocytes show signs of organelle rearrangement and nuclear changes similar to those observed during final maturation in the dominant oocytes (Assey et al., 1994) .
Cumulus expansion was more often observed in COCs recovered from follicles р 29 mm at A1 than at A2. Furthermore, the number of oocytes at GV stage was approximately twice as high at A2 than at A1 and, conversely, the number of oocytes with metaphase plates was significantly higher at A1 than at A2. Considerable evidence indicates that follicular atresia is correlated with cumulus expansion (Hinrichs, 1991) , and that the disappearance of the gap junctions between mural granulosa cells, cumulus cells and oocyte initiates the resumption of meiosis (Yding Andersen et al., 1999) . The follicular dynamics throughout the oestrous cycle will invariably determine that a certain proportion of the follicles are growing, while others are in the process of atresia. Thus, the population of follicles and oocytes is very heterogeneous with respect to development and maturation. In the present study, follicular aspiration of all follicles у 4 mm on day 0 eliminated the majority of atretic follicles. Monitoring development during the 8 days after aspiration revealed that a new population of follicles was developing after the initial depletion. The distribution of the nuclear maturation stages at A2 indicates that only a minority of the newly developing follicles underwent atresia within the 8 days after the first follicular aspiration. Thus, the results of the present study strongly indicate that follicular aspiration synchronizes the follicular population with respect to growth, cumulus expansion and nuclear maturation.
Comparing the chromatin configurations at A1 (before removal of atretic follicles) with those in oocytes recovered from ovaries from abattoirs reveals differences in the incidence of the nuclear stages. With fluorescent DNAlabelling, condensed chromatin was detected in approximately 60% of all oocytes and in up to 78% of oocytes in which a GV was visible with light microscopy after centrifugation, indicating that dCh is a normal chromatin configuration in oocytes at the GV stage. In this study, less than 3% of all oocytes were at the MII stage (Hinrichs et al., 1993a) . In the present study, only 11% of all oocytes at A1 were characterized as dCh, compared with 52% at the GV and 22% at the MI or MII stages. The difference in the distribution of nuclear stages may be due to stage of oestrous cycle at the time of oocyte recovery. However, a comparison with other studies using orcein or lacmoid staining to visualize the chromatin configurations shows that metaphase plates are frequent (Fulka and Okolski, 1981; Okolski et al., 1991; Willis et al., 1991b; Alm and Torner, 1994; Del Campo et al., 1995b; Torner and Alm, 1995; Brück et al., 1996) . Therefore, classification of the nuclear stages of oocytes may differ depending on the staining technique.
In the follicular fluid recovered at A2, two meiosisactivating sterols, FF-MAS and T-MAS, were identified, the concentrations of each being unaffected by CEG treatment. FF-MAS has been identified in the preovulatory follicles of mares (Baltsen et al., 1997) . T-MAS has been isolated from the germ cells of fetal mouse and adult bovine testes (Byskov et al., 1993 (Byskov et al., , 1995 , and from the testicular tissue of stallions (Brück et al., 1999b) , but has never been identified in equine follicular fluid. Furthermore, T-MAS is present in the preovulatory follicular fluid of women, and as in the present results, FF-MAS concentrations were significantly higher than the T-MAS concentrations (Baltsen and Byskov, 1999) .
In human preovulatory follicles, the concentration of FF-MAS was approximately five-to-eightfold higher than the total amount of MAS measured in the follicular fluid of the present study (Baltsen and Byskov, 1999) . This difference may be due to the fact that, in the human study, only large dominant or co-dominant follicles were aspirated, whereas the follicular fluids analysed in the present study originated from small, subordinate follicles. Furthermore, the follicular FF-MAS concentration tended to increase with follicular size, indicating that equine follicular MAS profiles undergo cyclic changes. The follicular MAS concentrations during different stages of the oestrous cycle of the mare are currently being analysed (M. Baltsen, personal communication).
In conclusion, administration of CEG to mares during early dioestrus did not promote the growth of small follicles, increase the oocyte yield after aspiration in vivo or influence oocyte maturation in vivo. A mean of four oocytes per mare were retrieved from non-atretic follicles 8 days after follicular depletion. This study demonstrates that follicular aspiration during oestrus is a valuable tool for the synchronization of follicular growth and oocyte development with respect to cumulus expansion and nuclear maturation in mares. The recovery of a more homogeneous population of oocytes may improve IVM and IVF techniques in the mare. However, the developmental competence of these oocytes needs to be evaluated in a further study.
